. We illustrate the strengths of MIC-MAC by identifying species and 79 brain diseases specific enrichment of microglia morphologies from 3D confocal image stacks of the 80 hippocampal subfield CA1 of aging mice (1 month (n=5) vs 12 months-old (n=5) mice) and of human 81 post-mortem samples obtained with Alzheimer's Disease (AD) (n=3) and Dementia with Lewy Body 82 (DLB) (n=3) patients, and age-matched control (n=4) subjects (Online Methods Table 1 ). These 83 samples were immunostained for ionized calcium binding adaptor molecule 1 (Iba1), a commonly 84 used morphological marker for microglia and immune cells, and large volumes were imaged by high-85 resolution confocal microscopy. 86
) perform (i) semi-75 automated and reliable segmentation of all marker-positive cells within the volume, (ii) automated 76 extraction of geometrical and graph-based features for each reconstructed cell, (iii) filtering of 77 artefactual structures, and (iv) automated quantification and classification of thousands of resulting 78 cell reconstructions (Fig. 1a) . We illustrate the strengths of MIC-MAC by identifying species and 79 brain diseases specific enrichment of microglia morphologies from 3D confocal image stacks of the 80 hippocampal subfield CA1 of aging mice (1 month (n=5) vs 12 months-old (n=5) mice) and of human 81 post-mortem samples obtained with Alzheimer's Disease (AD) (n=3) and Dementia with Lewy Body 82 (DLB) (n=3) patients, and age-matched control (n=4) subjects (Online Methods Table 1 ). These 83 samples were immunostained for ionized calcium binding adaptor molecule 1 (Iba1), a commonly 84 used morphological marker for microglia and immune cells, and large volumes were imaged by high-85 resolution confocal microscopy. 86
In the brain, microglia form a dense branching network and manual and automatic segmentation of 87 3D samples is challenging due to overlapping and adjacent complex microglial subcellular structures. 88 MIC-MAC resolves this issue by an hybrid segmentation strategy complementing a smooth mask 89 generated by Ilastik (http://ilastik.org/) with stringent pixel classification implemented in Matlab 90 ( Supplementary Fig. 2 ). To extract individual cells from overlapping structures, MIC-MAC applies 91 an automated iterative erosion procedure that sequentially separates cell aggregates and overlapping 92 processes (Online Methods). This approach preserves the core structure of microglia, extracts finer 93 geometrical details and segmented successfully over 99% of Iba1+ cells after 6 iterations in all 94 samples (Fig. 1b, Supplementary Fig. 2, Supplementary Movie 1) . 95
For classification of the resulting 3D in silico structures, MIC-MAC automatically extracts a set of 96 morphological features based on (i) geometrical characteristics directly determined from the 97 segmented shapes such as volume, polarity, compactness but also from (ii) graph-based properties 98 such as node degree, centrality, and diameter determined from graph representations of each structure 99 generated by skeletonization of Iba1+ cells (Online Methods and Supplementary Table 1 (Fig. 1d) . 111
To investigate whether species-or brain disease specific morphologies can be resolved, we 112 implemented a Matlab module for statistical comparison in MIC-MAC. In agreement with previous 113 studies 19 , we found that the CA1 microglia/immune cells composition and densities of human and 114 mouse samples were rather similar ( Supplementary Fig. 4 ). Nevertheless, interspecies statistical 115 comparison revealed a significant increase of Iba1+ cells associated to cluster 6 in mouse compared 116 to human samples (p-value < 0.05) (Fig. 2a) . Intriguingly, cells associated to cluster 5 were found 117 almost exclusively in human samples pointing to a unique human morphology subtype that neither 118 exhibited a specific distribution within the human hippocampus nor a disease-specific enrichment as 119 confirmed by overlays of cluster 5 structures in the original 3D stacks (Fig.2c, Supplementary Fig. 5 ). 
